The aims of the present study were to assess whether BMI can be used to predict abnormal test results in other health checkup items and determine whether changes in BMI are associated with changes in these other tests.
Subjects and Methods
The study was performed on Japanese workers at a commercial vehicle-production company between 2003 and 2004. Each employee is required to have a health examination in his or her birth month. In 2003, mandatory health checkups were performed for 2,665 male and 92 female workers (attendance rate; 99.4%). Of the males, 2,394 also had health checkups in 2004. Two workers aged 60 yr and older were excluded. A total of 2,392 male workers qualified as subjects for this study.
The health examinations were performed in a clinic at the company between 9:30 AM and 11:30 AM. At the initial exam, weight and height were measured with the subjects in typical indoor clothing but without shoes. Height and weight were both measured with a digital electronic scale (WB-510, TANITA) while the subjects were standing. Height was measured to the last complete 0.1 cm and weight to the last complete 0.05 kg. BMI (kg/m 2 ) was calculated, and blood pressure was measured with an automated sphygmomanometer on the right arm of sitting subjects after 5 min rest. Following the blood pressure measurement, blood samples were drawn from the antecubital vein. Blood samples were obtained from non-fasting participants. The following measurements were taken for each individual: total cholesterol (TC), triglycerides (TG), high density lipoprotein cholesterol (HDL), aspartate aminotransferase (AST), alanine aminotransferase (ALT), gammaglutamyl transpeptidase (GGT), and hemoglobin A 1C (HbA 1C ). Among these, tests for serum lipids, blood sugar, hepatic enzymes, and anemia are omissible by law in workers younger than 40 yr old (except for those who are 35 yr old), but these items are measured in all workers in this company. The biochemical assays were performed by a commercial laboratory (former Shionogi Biomedical Laboratories, Inc.).
Based on the cutoff points currently used at the company, we defined abnormal results at the baseline exam as follows: hypertension, a systolic blood pressure (SBP) ≥ 140 mmHg or diastolic blood pressure (DBP) ≥ 90 mmHg; dyslipidemia, TC ≥ 220 mg/dl, HDL ≤ 39 mg/dl, or TG ≥ 150 mg/dl; diabetes, HbA 1C ≥ 5.9%; and liver dysfunction, AST ≥ 41 IU/l, ALT ≥ 41 IU/l, or GGT ≥ 71 IU/l. The subjects were divided into three age categories: 20-39, 40-49, and 50-59. Receiver operating characteristic (ROC) analysis was used to assess the diagnostic performance of BMI in predicting abnormal findings in other items. The ROC curve tests the ability of a variable to predict an outcome by plotting sensitivity against 1 minus specificity. From this, the area under the curve is an indicator of how well BMI can predict a positive test outcome 22) . The area under the curve ranges from 0 to 1, with 0.5 indicating no predictive power and 1 indicating perfect power.
To study the relationship between changes in BMI and changes in each examination item, the subjects were divided into three subgroups, depending on their weight change over the year. We compared changes in these factors among participants who showed significant weight loss (BMI change ≤ -0.5), little weight change (-0.5 < BMI change < 0.5), and significant weight gain (BMI change ≥ 0.5) during the year.
Multiple regression analysis was performed to examine the relationship between changes in BMI and changes in the test items during one year, after controlling for the initial level of each test, age, and initial BMI. Because we considered the effects of BMI changes on these factors in overweight men different from those in normalweight men, the subjects were divided into two groups on the basis of their initial BMI: < 25 (normal weight) and ≥ 25 (overweight).
Data analysis was performed using SAS (Ver.9.1 for Windows. SAS Institute Inc). A p-value of less than 0.05 was considered significant.
Results
Subjects had a mean age of 44 yr. The mean (± SD) BMI, SBP, and DBP at the initial examination were 23.1 ± 3.0 kg/m 2 , 136 ± 17 mmHg, and 84 ± 11 mmHg, respectively. The mean (± SD) laboratory parameters at the initial examination were as follows: TC, 198 ± 34 mg/dl; TG, 145 ± 106 mg/dl; HDL, 57 ± 15 mg/dl; HbA 1C , 5.0 ± 0.6%; AST, 25 ± 13 IU/l; ALT, 30 ± 22 IU/l; and GGT, 48 ± 71 IU/l. Table 1 summarizes the prevalence of abnormal test results at the baseline exam. Hypertension was highest in 50-59 yr olds, and dyslipidemia and liver dysfunction were highest in 40-49 yr olds. The prevalence of diabetes increased with age.
The calculated areas under the ROC curves for 20-39, 40-49, and 50-59 yr olds were 0.68-0.89, 0.65-0.67, and 0.51-0.67, respectively (Table 1) . Although the ROC analyses suggest that BMI is not a good indicator of abnormal test results in older age groups, BMI had moderate discriminate power in younger workers. For all abnormal test results, except diabetes, in the 50-59 yr olds, values under the curve exceeded 0.6. In general, the values under the curve were highest in the 20-39 yr olds, and decreased with increasing age. To examine the effect of possible confounding factors on changes in the tests, multivariate regression analysis was performed, including baseline level, age, initial BMI, and changes in BMI as independent variables (Table 3) . BMI change was an independent predictor of changes in the other tests (all p<0.002). In general, the slopes were greater in men with BMI ≥ 25 than in those with BMI < 25; however, those of some variables such as TG and HDL were greater in men with BMI < 25.
Discussion
We assessed the diagnostic performance of BMI to predict other abnormal test results related to metabolic disorders in periodic health checkups. Whether BMI is a good predictor of metabolic disorders may depend on age; BMI best predicts metabolic disorders in younger workers. In addition, changes in BMI were significantly associated with changes in the other tests.
Obesity is highly associated with several established atherogenic risk factors, such as hypertension, dyslipidemia, and diabetes mellitus 1, 2, [4] [5] [6] . BMI may be used as a screening tool for some of these conditions. Although annual health checkups include various screening programs, evidence for the inclusion of some specific diagnostic tests is equivocal [23] [24] [25] [26] . For instance, the liver function tests mandated in workplace health checkups exhibit very low sensitivity for detecting any of the proposed target clinical conditions 23, 24) . In spite of the high yearly investment by companies, checkups do not seem to reduce the number of workers with abnormal test results. In fact, the proportion of workers with abnormal findings has been continually increasing 16) . In contrast, in North America and Britain, many tests are not included in screening programs, and only those with proven evidence of a benefit are generally implemented 25, 26) . A screening test should not be performed when the target population or purpose is unclear.
Previous studies have shown that anthropometric measures can be used as indicators of metabolic abnormalities [10] [11] [12] [13] [14] [15] . Mirmiran et al. reported optimal cutoff points of anthropometric measures as cardiovascular risk indicators in an Iranian population 11) . They assessed hypertension, diabetes, and dyslipidemia as cardiovascular risk factors. The calculated areas under the ROC curves for BMI in the 18-34, 35-54, and 55-74 yr old categories between 0.69 and 0.72, 0.61 and 0.69, 0.55 and 0.61, respectively. The area under the ROC curves was the highest in the youngest age category and decreases with age, which is consistent with our findings. Cutoff points for BMI to predict various cardiovascular risk factors were between 24 and 27 kg/m 2 . In our study, cutoff values of BMI to predict various abnormal results were between 22 and 24 kg/m 2 . It seems that these cutoff points are higher for Iranians than for Japanese. In the present study, BMI was not a good indicator of metabolic disorders for target health risks in older age groups. In 20-39 yr olds, however, areas under the ROC curves were 0.68-0.89, indicating moderate discrimination ability. These findings suggest that the number of tests conducted during the annual health checkup can be reduced for this age group, resulting in increased effectiveness. The current guidelines making those tests omissible at a physician's discretion in workers less than 40 yr old may be rational. In workers less than 40 yr old, only BMI measurement may be supported. Changes in BMI are significantly associated with changes in other test results [17] [18] [19] [20] [21] . As expected, individuals with decreases in BMI showed decreases in the levels of SBP, DBP, TC, TG, and HbA 1C , and increases in HDL level. Changes in the liver function tests (AST, ALT, and GGT), mandatory in Japan, were also signifi- cantly associated with BMI changes. BMI, which is easily measured, is a useful indicator of changes in other tested items in annual health checkups for workers. It may be useful to advise workers to reduce their body weight. In general, the slopes were greater in men with BMI ≥ 25 than in those with BMI < 25; however, those of some variables such as TG and HDL were greater in men with BMI < 25. Although explanations for this are not immediately obvious, the association related to change in BMI in some test items may vary between normal weight and overweight men. The interpretation of the results of this study is limited by several factors, and care should be taken in generalizing the conclusions. The sample population consisted of male blue-collar Japanese workers. Thus, the results may not apply to female or white-collar workers. Although changes in test results were accompanied by changes in BMI, the initial level was the strongest predictor of change in the test results (data not shown). We cannot exclude an influence due to regression to the mean. However, because laboratory measurements are fairly reliable, regression to the mean due to measurement error is small. We do not expect that this significantly altered the reported changes. Non-fasting triglyceride level is dependent on the duration of fasting; however, since information on timing since the last meal was not available, this could not be taken into consideration in our analysis. However, this potential limitation would likely lead to non-differential misclassification and therefore result, if anything, in an underestimation of the true effect 27) . Another limitation of our study is the lack of consideration given to lifestyle and medication history. Further studies that assess those factors are needed to confirm our results.
In conclusion, our results indicate that BMI is useful in predicting metabolic disorders in annual health checkups in younger workers. In addition, we found that changes in BMI were significantly associated with changes in the other tests. BMI change is a useful indicator of changes in other items in annual health checkups for workers. Additional research is needed to evaluate the effectiveness of the many tests used in annual health checkups.
